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(54) DIAMOND POWDER COATED WITH CARBIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a diamond particle as an abrasive grain that has improve uniform 
miscibility with a metal bonding material and enhanced bond strength between a diamond particle and a 
metal bonding material and process for effectively producing the diamond particle. 

SOLUTION: The diamond powder coated with a carbide is formed by coating with a transition metal carbide 
the overall surface of a diamond particle constituting the diamond powder wherein the diamond powder has 
an average particle size of 40 micron or less. The process for producing the diamond powder coated with a 
carbide comprises immersing a diamond powder in a molten salt containing ions of one or more transition 
metals selected from titanium, zirconium, chromium, molybdenum, tungsten and vanadium and making the 
diamond powder sufficient contact with the transition metal ions while retaining a temperature of the molten 
salt at not less than 600° C to form a transition metal carbide layer on the surface of the diamond particle. 

NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Diamond powder with which the surface of a diamond particle which constitutes this powder is 
covered by carbide of a transition metal on the whole in diamond powder with a mean particle diameter of 40 
microns or less. 

[Claim 2]The diamond powder according to claim 1 whose above-mentioned mean particle diameter is 20 
microns or less. 

[Claim 3]The diamond powder according to claim 1 whose above-mentioned mean particle diameter is 5 
microns or less. 

[Claim 4]The diamond powder according to claim 1 whose quantity of carbide to the above-mentioned 
diamond particle is 0.5% or more and less than 5% in a mass ratio. 

[Claim 5]The diamond powder according to claim 1 in which the above-mentioned transition metal contains 
one or more sorts chosen from titanium, a zirconium, chromium, molybdenum, tungsten, and vanadium. 
[Claim 6]A diamond particle from which the above-mentioned carbide constitutes a base, and the diamond 
powder according to claim 1 formed by reaction with the above-^mentioned transition metal by which 
adjacent arranging was carried out. 

[Claim 7]Diamond powder Titanium, a zirconium, chromium, molybdenum. By dipping into fused salt 
containing ion of one or more sorts of transition metals chosen from tungsten and vanadium, holding in 
fused salt temperature of not less than 600 **, and making the above-mentioned transition metal ion fully 
contact, A manufacturing method of carbide covering diamond powder forming a carbide layer of this metal 
in the diamond particle surface. 

[Claim 8] A manufacturing method of the carbide covering diamond powder according to claim 7 whose mean 
particle diameter of the above-mentioned diamond powder is 40 microns or less. 

[Claim 9]In a well-closed container, (1) Diamond powder and titanium, a zirconium. Chromium, molybdenum, 
tungsten, one or more sorts of transition metals chosen from vanadium. And after being filled up with a 
halogen substance, it heats at not less than 600 **, and you form a halogenide of this metal and make it 
arrive at the surface of the above-mentioned diamond particle by the reaction of the (2) above-mentioned 
transition metal and halogen, (3) A manufacturing method of carbide covering diamond powder making a 
metallic carbide layer form in a diamond surface by making this transition metal and a diamond which were 
separated by this decomposition react while making the above-mentioned halogenide disassemble in a 
diamond surface. 

[Claim 10]A manufacturing method of the carbide covering diamond powder according to claim 9 whose 
above-mentioned halogen is iodine. 

[Claim 11]A manufacturing method of the carbide covering diamond powder according to claim 9 whose 
mean particle diameter of the above-mentioned diamond powder is 40 microns or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Carbide covering diamond powder, especially the surface are covered with the 
carbide layer of a transition metal, and this invention relates to the effective manufacturing method of the 
impalpable powder of the diamond the homogeneous~mixing nature with a bond material and whose bonding 
strength with bond material metal improved, and this diamond powder. 
[0002] 

[Description of the Prior Art]In order that the surface may hold an inertness diamond firmly with bond 
material metal chemically on the occasion of manufacture of a metal-bond diamond tool, covering the 
surface of the diamond particle as an abrasive grain with some kinds, such as titanium, chromium, or silicon, 
of metal is performed widely. As a coating method, vacuum evaporation, the technique by other PVD(s), 
CVD by disassembly of a volatile compound, etc. are used. These covering metals serve as carbide in a 
joined part with a diamond, and form the firm chemical bond between diamonds. 

[0003]since **** to bond material metal is markedly alike and these metal thru/or metallic carbide is good 
compared with a diamond, a diamond abrasive grain is fixed to bond material metal by the chemical bond via 
metallic carbide, and reinforcement of the tool by omission inhibition of an abrasive grain is attained. 
[0004]Moreover, the enveloping layer of these functions also as a protective film which prevents a diamond 
surface from touching oxygen, and having also prevented graphite-ization of the diamond promoted by 
contact with oxygen is known at the time of heating in the case of diamond tool manufacture. 
[0005] Advanced features also follow the diamond tool used for cutting, grinding, and polish with 
development of high precision processing technology, and the processing field for which the loose grain was 
used conventionally is changing to processing by the bonded abrasive using a grinding stone one by one. 
And the size of the diamond used for a grinding stone also becomes fine, and fixing to the inside of a grinding 
stone is becoming possible also for the diamond powder of submicron size. 

[0006]When a diamond abrasive grain fine as mentioned above is fixed in a bond material, In order to enable 
homogeneous mixing with the metal powder of a raw material and diamond powder which are carried out in 
advance of sintering while the fixed effect of the abrasive grain by a chemical bond is expected when a bond 
material is a metal system, to form covering of metal or metallic carbide beforehand on the surface of a 
diamond particle is desired. 

[0007]Namely, the functional group containing oxygen or oxygen which has adsorbed thru/or adhered on the 
surface of a diamond particle becomes a cause. The gas which condensation of a diamond particle arises in 
the case of mixing, and mainly contains CO in the case of sintering is emitted from a particle surface, and, as 
a result, the holding power of the powder according [ the bonding strength between diamond particle-bond 
materials ] to a fall, i.e., a bond material, declines. 

[0008]Then, oxygen on the surface of a diamond particle is removed with heating, and it is desirable by 
forming a metallic carbide film in a diamond surface by the reaction of a transition metal and a diamond to 
inactivate the diamond particle surface and to cancel the above-mentioned fault. It is expected also about 
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the case where the same effect uses the bond material of a resin system. 

[0009]Improvement in bonding strength with such a bond material, and in order to demonstrate an 
antioxidant effect, it is desirable to cover all the surfaces of diamond powder with metal or metallic carbide 
like previous statement. However, by the method by above mentioned PVD and CVD, in order to contact all 
the powdered surfaces to a metal source, a device and operation complicated for mixing and churning were 
needed, and there was a problem that productivity was low. 
[0010] 

[Problem(s) to be Solved by the Invention]Therefore, the main purposes of this invention are to provide the 
diamond abrasive grain in which associative strength with a metal system bond material has been improved, 
and its effective manufacturing method. 
[0011] 

[Means for Solving the Problem]A place made into a gist of this invention is at a point which, on the whole, 
covered with carbide of a transition metal the surface of a diamond particle which constitutes this powder in 
diamond powder with a mean particle diameter of 40 microns or less. 

[001 2] Although average (nominal value) particle diameter can apply formation of a carbide enveloping layer 
by this invention to diamond powder of 40 microns or less as mentioned above, improvement in holding 
power is so remarkable that particle diameter is fine, it comes out especially in diamond powder of 5 microns 
or less that an effect is demonstrated [ of 20 microns or less ] most. 

[001 3] Although quantity of the above-mentioned carbide enveloping layer is changed to some extent with 
particle diameter of a diamond particle of a base, it is appropriate for it to consider it as 0.5% or more and 
less than 5% in general in a mass ratio to a diamond, if less than this range, the above-mentioned effect is 
not remarkable, and if superfluous covering is given on the other hand, it is not desirable from quantity of a 
carbon atom which moves for carbide formation in a crystal surface increasing, and many vacancies being 
formed in a diamond crystal, and causing strength reduction of the crystal itself. 

[001 4]In this invention, a metal kind which forms a carbide enveloping layer contains one or more sorts as 
which a transition metal is suitable for and is especially chosen from titanium, a zirconium, chromium, 
molybdenum, tungsten, and vanadium. A deer is carried out, this metal reacts to a diamond of a base under 
influence of heat, and carbide is formed. 

[001 5]The above-mentioned carbide covering diamond powder can be obtained effectively as follows. That 
is, it dips into diamond powder and fused salt which contains preferably one or more sorts of ion chosen 
from titanium, a zirconium, chromium, molybdenum, tungsten, and vanadium in diamond powder with a mean 
particle diameter of 40 microns or less. Under the present circumstances, a carbide layer of this metal is 
formed in the diamond particle surface by carrying out heating maintenance and ftjily contacting fused salt 
temperature at not less than 600 ** with the above-mentioned transition metal ion. 

[001 6]As the above-mentioned fused salt, mixed salt of a NaCI-KCI system is available, for example. This 
salt is used for molten salt electrolysis of titanium or a zirconium, and it is known in fused salt that titanium 
and a zirconium will dissolve in small quantities in a form of ion. Since it combines with a carbon atom of a 
diamond surface and these metal ions form carbide, conditions which are making diamond powder 
suspended, contact the diamond particle surface to a metal ion on the whole, and make carbide form into 
fused salt are secured. 
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[0017]As a carbide layer forming method of another above-mentioned metal which does not depend on 
fused salt, a method by a halogenide steam of these metal is also available. Especially by this technique, a 
carbide layer can be effectively formed also in the detailed diamond particle surface from using the gaseous 
phase as a metaled career. 

[001 8] According to this invention, diamond powder which has the second carbide enveloping layer thru/or 
this enveloping layer is carried out as follows. 

[0019]In a well-closed container, (1) Diamond powder and titanium (mean particle diameter of 40 microns or 
less), A zirconium, chromium, molybdenum, tungsten, one or more sorts of transition metals chosen from 
vanadium, And after being filled up with a halogen substance, it heats at not less than 600 **, and you form 
a halogenide of this metal and make it arrive at the surface of the above-~mentioned diamond particle by the 
reaction of the (2) above-mentioned transition metal and halogen, (3) While making the above-mentioned 
halogenide disassemble in a diamond surface, make a metallic carbide layer form in a diamond surface by 
making it react to this transition metal and a diamond which were separated by this decomposition. 
[0020]In the above, iodide of iodine of the above-mentioned transition metal is available as a halogenide as 
halogen. Since the metal iodide steam can also permeate a detailed diamond particle gap and it can be 
contacted on the diamond particle surface on the whole, it becomes possible to also give uniform covering 
to a fine diamond surface. 

[0021]Also in a which method, since carbon in carbide or a diffusion rate of a metal atom is not large, mutual 
reaction velocity falls, and a carbide formation reaction in a particle surface which a carbon atom has 
exposed gives priority to it seemingly, and it advances in a part which carbide produced. As a result, in this 
invention, the feature that the whole diamond surface is covered in a layer of carbide of almost uniform 
thickness is acquired. Therefore, in order to secure movement of a metal ion and good contact with this ion 
in the case of a fused salt method, it becomes indispensable requirements that diamond powder is being 
suspended in the liquid phase. 

[0022]Although a presentation with an eutectic temperature of 500 ** or less is also possible by choosing 
combination, from a standpoint which secures carbide formation speed, as for fused salt of a chloride 
system, not less than 600 ** is preferred, and its not less than 750 ** is more preferred. As for a maximum 
of treatment temperature, if treatment temperature is made high too much on the other hand, since a 
minute crack will arise and intensity as an abrasive grain will fall into a diamond particle, it is desirable to 
consider it as 1 000 **. 

[0023]It is preferred to use higher treatment temperature or to use mixed salt of a low presentation of 
eutectic temperature with reduction of particle diameter of a diamond. By carrying out like this, reduce 
viscosity effused salt, fused salt is made to also permeate diamond powder of a submicron class effectively, 
and carbide covering can be formed. 

[0024]It is effective in promotion of a carbide formation reaction to also make a fluorine ion live together in 
a form of a fluorine compound in fused salt. 

[0025]On the other hand, although anhydrous metal fluoride and a chloride can also be used in a method by 
halogenide steam treatment, Since operation becomes easy, an iodide process which uses iodine as a 
metaled career based on character for a diamond to react to a metal iodide, to form metallic carbide, and to 
separate iodine is advantageous. In this case, conditions which form carbide covering the whole particle 
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surface are established by filling a gap between diamond particles with an iodide steam. Iodine works as a 
metaled career until the diamond particle surface is covered with metallic carbide and a metaled transfer 
rate falls, since iodine which separated metal in a diamond surface contacts metal and serves as a metal 
iodide again. 

[0026]As for a viewpoint of securing carbide formation speed to especially treatment temperature, also in 
the above-mentioned iodide process, it is preferred to consider it as not less than (temperature in a 
diamond surface) 800 ** not less than 600 **. 

[0027]Thus, from all the diamond powder surfaces touching the liquid phase or a vapor phase containing a 
transition metal in this invention. All the powder surfaces will be covered with carbide formed at a reaction 
with metal which deposited from the liquid phase or a vapor phase, and a preventive effect of oxidation and 
graphitization of a diamond at the time of heating is acquired as adhesive improvement to a matrix metal at 
the time of tool making, and a protective film. A merit called a fall of grinding force by ejection height of a 
diamond abrasive grain becoming large is also obtained at the same time a grinding stone life increases, as a 
result of a diamond's being firmly held, for example in a grinding stone by especially adhesive improvement 
with metal at bond material metal. 

[0028]In a diamond of fines (submicron class). By replacing a functional group of a diamond surface leading 
to condensation of diamond particles with metallic carbide, the surface became inertness, powdered 
dispersibility improved and mixing operation with a powdered matrix raw material became easy. Change of 
such a diamond surface state was confirmed by infrared-absorption analysis. 

[0029]In tool making, in applying diamond powder of this invention to a ceramics system matrix material, By 
heating diamond powder covered with carbide at not less than 1000 ** in a nitrogen atmosphere, the 
surface can be changed into carbon nitride thru/or a nitride, and wettability to a matrix material and 
adhesive strength can be raised. 

[0030]A following method is effective for the above-mentioned nitriding treatment. That is, a carbide 
covering diamond is put in in a well-closed container, and it heats to prescribed temperature in a nitrogen 
atmosphere. Where heating is maintained, inside of a container is exhausted, and operation filled up with 
nitrogen is repeated. Nitriding [ with this technique / the diamond powder surface of a submicron class ] is 
possible. 
[0031] 

[Work example 1]Titanium powder (particle diameter of 40 micrometers) with a diamond powder [ 50g and 
2g ] of with a mean particle diameter of 4 microns is put in to a SUS beaker with a capacity of 500 ml, and it 
is NaCI:KCI=1 at a mole ratio. : Mixed salt (eutectic temperature of about 660 ^*) of 1 About 300 g was 
added. Within a furnace, this beaker was heated at 800 and held for 2 hours. 

[0032]It took out from a furnace after radiational cooling, and a salt in a beaker was melted and removed in 
water, sulfuric acid subsequently to [ 5 times ] diluted was added, it boiled for 1 hour, and unreacted 
titanium was dissolved and removed. Obtained powder is assuming a black color and a diffraction line of TiC 
was obtained with a diamond by an X diffraction, although the adhering amount of titanium could be 
calculated as an approximate value from an increase in mass of a diamond, as a more exact method, it 
carried out dissolution removal of the covering with FUTSU nitric acid, determined it from mass change 
before and behind the dissolution, and obtained 1.9% (mass % and the following — the same) of value. 
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[0033] 

[Work example 2]TiC was covered with the same charge and processing condition as Example 1 in the 
diamond. Diamond powder with a mean particle diameter of 0.4 micron is used as a treating raw material, and 
it is the mixed salt (eutectic temperature of about 600 **) of NaCI:KCI:CaCl2=5:3:2 at a mole ratio in the raw 
material of fused salt. It used. It was 2.0% when the amount of covering titanium was calculated from the 
amount of dissolution removal by FUTSU nitric acid. 
[0034] 

[Work example 3]Into the well-closed container with a content volume of 50 cc made from SUS, the 
diamond powder 10g with a mean particle diameter of 20 micrometers, the molybdenum powders 2g with a 
mean particle diameter of 3 micrometers, and the iodine 1g were put in, the inside of a container was 
exhausted and sealed, and it heated at 950 **, and held for 1 hour. The taken-out diamond is assuming a 
black color and checked generation of M02C according to the X diffraction. 

[0035]The surface grinding grinding stone of the bronze bond was manufactured using the obtained 
molybdenum covering diamond, and it used for the grinding process of the sintered alumina board. The 
grinding stone was a straight grinding stone (the outer diameter of 150 mm, and 8 mm in thickness), degree 
of concentration was set to 50 and grinding conditions were used as the infeed of 3 micrometers by 
peripheral velocity/of 1500 m. As compared with the grinding stone using the diamond before covering 
simultaneously manufactured as an object for comparison, grinding force was small 15% and the result from 
which a grinding stone life increases by 43% was obtained. 
[0036] 

[Work example 4]Instead of molybdenum powders, tungsten powder with a mean particle diameter of 3 
micrometers was used, the above-mentioned method was enforced, the enveloping layer of WC was formed 
in the diamond surface, and it was admitted by SEM observation that the thickness of an enveloping layer 
was about 0.05 micrometer. In a fixed quantity of coating volume, dissolution removal of the covering was 
carried out using FUTSU nitric acid, and about 3% of value was obtained using the method of asking from the 
mass change before and behind the dissolution. 
[0037] 

[Work example 5]The TiC coat diamond obtained in Example 1 was put into the crucible made from alumina, 
and processing which is heated at 1 100 ** and held in a nitrogen atmosphere for 1 hour was carried out. It 
checked that the obtained processing article was assuming brown and was changing with X diffractions to 
TiN. 
[0038] 

[Work example 6]It processed using the combination of diamond powder, covering metal material and a 
fused salt presentation, and treatment temperature as shown in N0.I - 5 in the next table, and the numerical 
value as shown in the column of coating volume was acquired. 
[Table 1] 
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1 




No. 


Cum) 


(g) 




mm 

Gam) 


(g) 








1 


2S 


20 


Ti 


40 


1.0 


NaCl-KCl 


850 


4.3 


2 


5.2 


3U 


Cr 


5 


0.8 


NaCl-KCl 


900 


2.5 


3 


0.6 


30 


Cr 


5 


0.8 


NaCl-KCl-MgClj 


800 


2.1 




28 


20 


Mo 


3 


1.Q 


NaCi 


1000 


1.5 


: 


28 


20 


W 


3 


1.0 


NaCl 


1000 


1.0 



[0039] 

[Effect of the Invention]!. Since a diamond abrasive grain and the metal of a bond material form a chemical 
bond via carbide covering formed in the diamond surface as everyone knows in the case of manufacture of 
a metal-bond tool, In the diamond powder of this invention which gave carbide covering, the retention 
strength of the abrasive grain by a bond material improves, and omission inhibition of an abrasive grain and 
improvement in the tool life by effective use are attained. Since the large ejection height of the abrasive 
grain in a tool surface can be taken simultaneously, the energy which processing takes can also be reduced. 
[0040]2. Also in detailed diamond powder, the functional group of the particle surface which caused powder 
condensation is replaced and inactivated with carbide by covering this invention. As a result, in manufacture 
of a diamond fines content tool or wear-resistant hard material, the dispersibility of a diamond improves in 
the case of mixing operation with a matrix raw material, the homogeneity of the organization in the material 
using a fines diamond increases, and abrasion proof performance improves. 

[Translation done.] 
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±§3teS0.4^^P>iO:^V-V^yF«&^^Ml/\ ^ffl:^ 
(OWM\^^t. «t;Vi:bTNaCl:K C l:CaC l2=5:3:2C>?@ 

[0 0 3 4] 

l^mm 3 ] I^SaSOcc^O S U S ^OSBBSt§fp-\. 
¥i^SS20/imO^V-^^>FI&*10g. ^^eS3/i 

^LTSfJL. BSO'^Ctcijn.^bTl^P^ffiJtL/Cc SiOm 
b/c^-Y-V^^^FJiMfe^MLT^IsD. X^lHltfftcJ:-^ 

T Mo2 CO^j^g^mS L fco 

[0 0 3 5] en/c^y :/x>?m^v-^^>F^ffl 

Jgl500m/^\ -gJiA^S/xm^Lfco tbiiffl ^ bTIH^tC 
L/t?^aBuO^V-V^> F^fflV^fcWSUffiSt-ibb 

[0 0 3 6] 

[^j^<?0 4 ] ±IH^D^?£^^ U ^^^T^Oftt) D 
¥i^S1l3/im^7):^:/^^X7^>^|&*^fflV^T^ffib. 
-f'^^:/F«MtCWCOS^jS;b'^ffM^n. SEMM^ 
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KfiEi?0 6 ] ^^i?3^tc4oV^TNo .1—5 tc^-r <J: -5 ^^^^ 



No. 








CO 




Oim) 


(g) 


mm 


mm 






1 


28 


20 


Ti 


40 


1.0 


NaCl-KCl 


850 


4.3 


2 


5.2 


30 


Cr 


5 


0.8 


NaCl-KCl 


900 


2.5 


3 


0.6 


30 


Cr 


5 


0.8 


NaCl-KCl-MgCl» 


800 


2.1 


4 


28 


20 


Mo 


3 


1.0 


NaCl 


1000 


1.5 


5 


28 


20 


W 


3 


1.0 


NaCi 


1000 


1.0 
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[0 0 4 0] 2. ^ffl:S::^V-V^>F«»7fetz:^l/^Tfe. 
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